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Abstract 
The plain of the lower Cheliff is located 220 km to the west of Algiers and extends over 60000 ha. This 
plain which is only 40 km far from the Mediterranean has an arid climate and has suffered from dangerous 
degradation problems of its physical environment. This degradation is essentially due to the soil salinization which is 
manifested in different ground surfaces in relation with the degradation levels.  
The aim of this work is to use remote-sensing to evaluate the levels of soil degradation by the identification 
and the mapping of the ground surface. The visual analysis of the Aster image (August 2005) allows us to extract the 
big agronomic landscape units. And this led us to identify four homogeneous areas representing the different ground 
surfaces of the plain. The two irrigated perimeters of Ouarizane and Djediouia, the non saline soils of Benziane 
valley, and the Gaa which contain uncultivated saline soils with halophytic vegetation.   
The supervised classification of the satellite image allows us to generalize this good discrimination capacity 
to the whole ground surface and to obtain 9 homogeneous classes corresponding to various degradation levels. 
Therefore it is evaluated by soil and vegetal cover indicators.  
The remote-sensing data with salinity measured data of the ground surface classes has been used to map the 
soil salinity using remote-sensing and apply a comparison with the map obtained by ordinary kriging.  
The two methods have shown an important extension of the salinity. However, the estimated salinity map 
by remote-sensing made it possible to better estimate in comparison to the one obtained by ordinary kriging, on the 
level of extremes values. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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Introduction 
The soil is a principal component of the ecosystem; it has an essential role in agriculture like 
supporting the crops and providing them water, also, the air and the necessary nutriments of their growth. 
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It constitutes an important interface in the environment, which will condition water, and air quality also 
the divers development of the living things (biodiversity). Unfortunately, this resource is limited on the 
globe scale; it is 22% only of the emerged grounds, rather 3300 million acres only which have the suitable 
bioclimatic and physical characteristics [20]. 
The plain of lower Cheliff which is 220 km to the west of Algiers extends on more 60000 ha, is 
the main area of this study. It has an arid climate and knows serious problems of its physical environment 
degradation. The soil salinization of which accelerated these two last decades following the increased use 
of irrigation is incontestably the most serious problem which affected this area [9]. 
This salinization which does not cease extending spatially and increase temporally [8] causes a 
deterioration of the physical, chemical and biological proprieties of the ground which consequently affect 
on the agricultural and eco-environmental levels [5-6-22]. 
This degradation intervenes particularly on the ground surface whereas the climate influences 
(rain, temperature, wind) and of the manmade action (irrigation, soil work…) is more important. It results 
from these particular surface qualities which are manifested by their degradation levels by the reduction 
of the agricultural potentialities, the development of an encrusting of the rough surface, the development 
of approximately dense halophytic vegetation and sometimes a total sterilization of the grounds even 
turning into a desert.  
The advanced state of degradation in which is currently the plain of Lower Cheliff requires the 
knowledge of its degradation level as well as the most touched areas by this phenomenon. In addition, to 
fight effectively against this degradation which appears on the ground surface, it is essential to determine 
with the maximum precision possible the extent of the affected zones and to delimit inside those the 
various degrees of sensitivity [1]. 
The remote-sensing is becoming a leading tool in actual knowledge, especially by the identification 
and the quantification of the various components of surface qualities, is used here to discriminate and map 
these surface qualities. Among the main interests, is finding the identification of the vegetable cover and 
the grounds types to more complete the knowledge of the grounds dynamic factors such as the conversion 
into a desert, erosion and salinization [12-14]. 
The main interest of the remote sensed data lies in the possibility of extrapolating data with a 
spatial pixel resolution to obtain continuous information with a reasonable delay and a cheaper 
acquisition cost. 
This work is about the identification and discrimination of surface qualities by the use of the 
remote-sensing on one hand, on the other hand, is to evaluate the ground surface degradation in the plain 
of lower Cheliff in case of salinity. 
Materials and methods  
The developed methodology is mostly to describe surface qualities and to evaluate their 
degradation, as it is summarized in four principal stages:   
x The first stage is the formation of a database; mainly are the quantitative and qualitative data 
resulting from ecological measurements (the surface elements), next is their analysis and sample 
test selection at the laboratory, the extracted data from the satellite image.  
x The application on the image is the second stage thus consists in identifying starting from the 
corrected satellite image (Aster 2005), the present surface qualities based on the image 
processing methods.  
 Mokhtari Djamel Eddine et al. /  Energy Procedia  18 ( 2012 )  1557 – 1572 1559
x The third stage consists in the ground data analysis - to analyze using an empirical approach 
based on the filtering of the quantitative and qualitative data- resulting from measurements of the 
surface elements and their coding in various classes for each surface element.  
x The last stage consists in mapping salinity on the scale of the whole plain by using geostatistics 
and the remote-sensing based on a very limited number of measured data of electric conductivity 
(EC).  
1. The sampling 
The ground recognition and the sample selection test were carried out during one period being 
spread out over July 2006. The adopted sampling is of laminated type; it was based on the classes 
resulting from the satellite image of July 2000 [7-8]. 
Each sampling site was georeferenced and located on the ground by the use of a GPS into UTM 
projection (Zone 31 North, WGS 84). The geographic position of the sampling points presents an 
essential help in the supervised classification applied on the scene, and makes it possible to find the site of 
these points during time. The full number of the 400 taken samples is distributed on all the plain  
2. Used Data  
We used three data types in the treatment and interpretation: preexistent mapping data, remote-
sensed data, and ground data (measured at the laboratory). 
2. 1. Mapping data 
They are composed of segmental maps with 1/5000 scale, topographic maps with 1/50000 (fig.13), 
digitalized (western Chlef, Ammi Mossa east, Oued Rhiou east, Oued Rhiou west, Mazouna east, and 
western Relizane), the soil map of the plain [4-13], the map of the classified image by remote-sensing 
July 2000 [7-8]. 
2. 2.The Ground data.  
2. 2. 1. Description of surface qualities 
During our investigation on the ground, a description of surface qualities was made for each 
sampled site using a ground map [7]. This description included understanding the land cover by the dense 
vegetation, the nature of the ground, roughness, moisture, the color, the efflorescence’s salt process, the 
slits of withdrawal, the encrusting of surface and other criteria such as the slope, stony lands…etc 
 A special attention was given to the description of the vegetation and the encrusting of surface 
which have a great influence on the spectral response in remote-sensing. 
2. 2. 2. The laboratory Analyzes 
The analyzes at the laboratory were based on the measure of electric conductivity using diluted 
focal (1/5) for all 400 taken samples of the surface layer (0 - 20cm). 
2. 2. 3. Satellite imagery Data. 
- As a satellite image, we used an ASTER (Advanced Spaceborne Thermal Emission and Reflectance 
Radiometer), satellite scene taken in August 2005.  
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Fig. 1. The used image “Aster” (August 2005) 
This image has 14 bands including/understanding three spectral areas:  
- VPIR with band 1 (green) 0.52 - 0.62 μm, the band 2 (red) 0.63 - 0.69 μm, and band  3 (the near 
infra-red) 0.78 - 0.86 μm;  
- MIR (bands 4-9) 30 meter of resolution; 
- TIR (bands 10-14) with90 meter resolution. 
The choice of test areas 
The retained test zones are those which reflect the diversity of the landscapes characteristic of 
the plain. 
The image classification 
We used the method of supervised classification “maximum likelihood”. The evaluation of its 
relevance is done by the confusion matrix, from which we calculated the kappa coefficient.  
2.6. Calculation of the indices  
The calculation of the indices is based primarily on the difference in spectral response of the 
vegetation and the grounds in the red band (R) and the near infra-red band. For a better evaluation of the 
soil and vegetation impoverishment, several indices were retained (table.1):  
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Table 1. Various used indices  
The index Formulate 
RVI (Ratio Vegetation Index) RVI = PIR/R      [16] 
NDVI (Normalized Difference 
Vegetation Index) NDVI = (PIR-R)/(PIR+R)       [21] 
TSAVI (Transformed Soil 
Adjusted Vegetation Index) TSAVI = has (PIR - a*R - b) [R +a* (PIR - b)+0,08 (1+a2)]       [2] 
MSAVI (Modified Soil Adjusted 
Vegetation Index) 
MSAVI= 
2
)(8)12(12 2 RPIRPIRPIR         [17] 
IR (the index of redness) IR = R2 /V2            [12]  
IBc2 (the index of brightness) IBc2 = V2 + R2 + PIR2        [12] 
IS (the index of salinity) R²)(V²  IS         [8] 
IC (the index of color) IC = (R-V)/(R+V)           [15] 
 
7. The geostatistics as a mapping method of salinity 
 The geostatistic techniques proceed in two stages which are:  
- Analysis of the studied variable space structure of using variogramme;  
- Use of the space prediction technique by the kriging.        
8. Used Software  
Microsoft Excel, software ERDAS imagines 8.6, surfer 8.0, Arcgis 9.1, Variowin, the software 
Statistica 6.1 Fr, and the software Google earth.  
Results and discussions 
1. The channels Combinations  
This combination was made by the assignment of 
- Blue with the band (b1) in green (the visible one);  
- Green with the band (b2) in the red (the visible one); 
- Red with the band (b3) in the infra-red. 
In this combination, the vegetation appears red, water appears in blue and the naked grounds 
appear in more or less dark cyan. 
2. 1. Determination of the remote-sensed classes 
The crossing between the thematic maps in particular the grounds map and land use map on one 
hand, and the acquired information during the prospection of the ground on the other hand, in addition to 
the results of visual interpretation from the satellite image, it led us to define nine (9) classes (figure 2):  
 
1- Sebkhat of Benziane  
2- Cereal soils of Benziane hill, not salted, dark on image (SNSSCB)   
3- Cereal bare soil of the plain, bright on image (SNCCP)  
4- Grounds in resting period (JCH)  
5- Bare grounds, cultivated plain (SNCP)  
6- Chlorophyllian, dense vegetation (VCHD)  
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7- Irrigated cultivated soils has predominance of halophytic vegetation (SCIAVH)  
8- Chlorophyllian, very dense vegetation (VCHTD) 
9- Halophytic  Vegetation  
 
2. 2. Classification of the image 
The method adopted for classification of the image is maximum likelihood. It is the most used 
method by giving better information [3]. It is based on the statistical properties of the spectral components 
of the image.  
 
 
Fig. 2. Classified image with the nine defined classes. 
SB: Sebkha of Benziane SNSSCB: Ground not salted sinks cereal of Benziane. SNCCP: Naked ground clear cereal of the plain.  
JCH: Fallow.  SNCP: Grounds naked cultivated of the plain. VCHD: Dense chlorophyllian vegetation of arboricultures. 
SCIAVH: Irrigated cultivated grounds has predominance of artichoke and vegetation halophyte. VCHTD: Very dense 
chlorophyllian citrus fruits vegetation. VH: Vegetation halophyte. 
 
2. 3. Relevance of classification 
The confusion matrix shows that almost assigned pixels by these classes were well classified. 
Weak noted confusions do not exceed the 10% for the majority of the classes. The value of the Kappa 
coefficient is estimated 79.27%; knowing that the value criticizes of this last beyond which a 
classification is considered to be acceptable (75%) [11], we can thus say that there is a good 
correspondence between the mapping resulting from the remote sensing data classification and the 
observations of ground. 
2. 4. Digital characterization of the classes 
The application of supervised classification led us to define 9 classes. The digital behavior 
extracted from the average of the three channels shows that each class was defined by a specific spectral 
tendency. (Fig. 3) 
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Fig. 3. Digital behavior of the defined classes 
 
- Chlorophyllian vegetation: The spectral behavior of this division differs clearly from the whole of the 
other classes. it shows ascending concave curves on the right quite visible for the class with very dense 
chlorophyllian vegetation. More brought closer with these two classes, we find the class of the irrigated 
soils and cultivated primarily with presence of halophytic vegetation (SCIAVH). Indeed, even if the 
pace is different, these three classes set up a share group which deviates relatively compared to the unit 
from other classes. This approaching between the two chlorophyllian classes and class SCIAVH returns 
to the presence of a considerable chlorophyllian vegetation due to the presence of the artichoke 
seedlings which is in final growth and the existence of a rather dense natural vegetation following the 
presence of water. 
 
- Cereal dark not salted grounds of the Benziane hill (SNSSCB) and those of the class resting soils 
(JCH): present a spectral behavior of a convex, almost constant similar to the two bands of visible 
towards with a downward deflection of the infra-red.  
 
- Cereal dark not salted grounds of the Benziane hill (SNSSCB): show a spectral behavior of a convex, 
almost constant form the two bands of visible towards a downward deflection for the infra-red.  
 
- The halophytic vegetation: this class shows an identical spectral behavior of decreasing convex form in 
the direction b1, b2 and b3 are intermediate between the clear soils and the dark grounds.  
 
- Two classes of the cultivated bare grounds of plain (SNCP) and that of the cereal clear bare grounds of 
plain (SNCCP): show a spectral behavior of a convex, almost constant similar form for the two bands 
of visible towards a downward deflection for the infra-red. Let us note that the clear grounds show the 
highest values of the digital accounts. 
 
- The class of Sebkha of Benziane: this class presents salt crust in summer shows a spectral behavior of a 
convex form, with high values of digital accounts. It is the only class that shows a higher value of the 
digital accounts in B2 then b1. 
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2. 5. Evolution of soil and vegetation indices  
2. 5. 1. Indices characterizing the ground  
Figure 4 shows the evolution of the indices characterizing the ground (IS: index of salinity [8]; 
IBc2(index of brightness) according to the classes. For the index of salinity (IS), we notes that the low 
values of IS are those of the not salted grounds of Benziane and those of the chlorophyllian vegetation, 
and takes his maximum values with the classes of the cultivated and bare grounds of plain (SNCP), the 
irrigated cultivated grounds has predominance of artichoke (SCIAVH) and those of the vegetation 
halophyte. 
 
 
Fig. 4. Evolution of brightness and salinity indices from the classes 
The evolution of the brightness index (IBc2) of the tested zones shows the existence of an active 
order of growth of the dark grounds and the clear grounds also a decrease of the chlorophyllian vegetation 
after having reached the peak (VCHTD) (fig. 4).  
This tendency shows that it is possible to detect the salted and very salted grounds which are 
brought by the calculation and the combination of the indices.  
This report was also confirmed by the calculation of the index of redness IR and that of color IC 
which show values raised with the dark grounds and the cereal grounds of plain (SNCCP). Whereas the 
low values are supported by the classes of the chlorophyllian vegetation (VCHD and VCHTD). 
2. 5. 2. Indices of vegetation  
The indices of vegetation (MSAVI, RVI, TSAVI and NDVI) show a tendency which is opposed to 
the ground indices related to, energy of the bare grounds to the dense and very dense vegetation. It is also 
noted that the classification for the defined classes was respected for the various indices (fig.5). 
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Figure.5. Evolution of vegetation indices of the classes  
3. Confrontation of the spectral data to the laboratory data 
3. 1. Confrontation with the salinity data 
Salinity is one of the principal objects constituting an elementary surface and which influence is 
very apparent on surface qualities [10-14] of the plain of Lower Cheliff in a particular way [7-8]. 
3. 1. 2.  On the level of sampled points by remote sensed classes 
3. 1. 2. 1. The salinity and various indices of ground and vegetation 
Correlations were all negative between the salinity and the indices of vegetation, which shows 
the negative impact of salinity on the development of the vegetation. This relation is also negative 
between the salinity and the index of redness, which confirms the low salinity of the dark grounds located 
on the hill of Benziane and the periphery of the plain (table. 2). 
 
Table 2. Correlation Matrix between the various indices and EC. 
The index NDVI IBc2 IC  IR  IS RVI PVI TSAVI MSAVI 
EC -0.31 0.01 -0.26 -0.35 0.12 -0.30 -0.18 -0.41 -0.32 
3. 1. 2. 2. Average salinity and Digital accounts 
The 400 samples of which we lay out were used to evaluate the contribution of remote sensing in 
the salinity mapping counting on the definite classes.  
The average electric conductivity calculated for each class shows rather good correlations with 
the average digital accounts calculated for all pixels by class and the pixels corresponding only to the 
sampled points of these classes (table. 3). The correlation is significant with the threshold of 5% in this 
last case. 
Table.3. Correlations between the average EC and digital number (DN) of sampled points by class (With significant correlations to 
the threshold of 5%). 
 DN mean by class DN mean of sampled points 
EC mean by class 0,61 0,68 
DN mean by class 1 0,89 
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This good correspondence between the median values of the digital numbers of the classes and the 
pixels of sampled points as well between them as EC, remarking relevance of the sampling 
representativeness and its validity in the evaluation of the contribution of the remote sensing in the remote 
sensing of the average salinity which resulted in a good discrimination between the contents average of 
this represented by the various classes of remote sensing (fig. 6). 
 
 
Fig. 6. Evolution of average EC by class. 
3. 2.  Confrontation with the specific data 
3. 2. 1. Salinity and various indices 
It is noted that the correlations obtained with the indices are weak with low values. They all are 
however negative in the indices of vegetation of which some are significant such as the NDVI, the 
TSAVI and the MSAVI (table. 4). 
Table 4. Correlation between salinity and the various indices 
The index  NDVI IC IR RVI TSAVI MSAVI PVI IS IBc2 
EC -0.19 -0.1 -0.08 -0.18 -0.24 -0.21 -0.1 0.02 -0.04 
The group of plots resulting from projection between salinity and the NDVI shows that the 
points corresponding to the high EC (≥ 2 dS/m to the 1/5 is 10 dS/m with the saturated paste) always 
coincide with a very weak vegetation index. Other wise, all the points which have a high NDVI record a 
low salinity. 
Thus, it comes out from it that the cause of the weak correlation between salinity and the NDVI 
is on the grounds level which have at the same time a weak vegetable cover and a low salinity; it is the 
case of the cereal grounds and the grounds of the irrigated perimeters which are almost bare during this 
period of the year. 
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Fig. 7. Correlation between averages EC and the NDVI 
 
4. Contribution of remote sensing in salinity mapping 
 In this work, the salinity mapping was made by two distinct methods: 
I)  The first uses the geostatistic technique which is based only on the punctually measured data;  
II) The second is a combination between the data of remote sensing (external variable) and a very limited 
number of data measured punctually within the use of GIS. 
4.1. Mapping of salinity by the geostatistical method 
4.1.1. Variography 
The surface variogramme is a good tool which offers the Variowin software to directly know the 
two principal anisotropic directions of the EC on the scale of the whole plain [7]. 
Establishment of the variogramme surfaces show  the existence of an anisotropy principal in the 
65° and 155° directions (regular variation and continues) (fig.8). This anisotropy, determined by the 
ArcGis software equals to 1,7 certainly is not very marked, but testifies to a changing behavior of salinity 
for at least two directions of which it is necessary to hold account at the time of the kriging. 
High values of gamma (γ (H)) can reach 6 (dS/m) ² translate a strong dissimilarity which indicates 
that space continuity is not always good in the plain of lower Cheliff.   
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Fig. 8. Surface Variogramme of electric conductivity 
 
We have to notice the high values of gamma at the short distances and particularly in direction 
North-south indicates a high local variability. 
4.1.2. Kriging 
The ordinary kriging with total variogramme was made by taking account of the results of the 
variography. Indeed, the anisotropy was respected by choosing a ray of krigeage according to an eclipse 
whose relationship between the major ray and the minor ray is equal to 1,7 while being lower than the 
average range (4000/2350 m). The maximum number of retained points in the vicinity for the estimate is 
of 6. 
The interpolation per block (surface) of 15m dimensions of the specific interpolation was retained 
to be able to make the comparison with the salinity estimated by remote sensing on pixels of same 
dimensions.  
The salinity map obtained by ordinary kriging, after having transformed the extract diluted 1/5 into 
saturated paste [7], we observe that the least salted grounds (CE< 2 dS/m) are located on the peripheries 
of the plain. We can, indeed, see them in the Benziane hill, the divided hill and the perimeters of 
Ouarizane, Rhiou Djédiouia-Wadi and Guerouaou. 
The surfaces whose salinity is higher than 16 dS/m cover the central area of the plain and are 
prolonged towards the west. This area covers a good part of the perimeter of Hmadna and is spread out 
towards the southern part of Gaa. This class of salinity also appears on Right side of Chlef wadi in the 
north of the perimeter of Hmadna. The remainder of the central part until the western extrème is primarily 
occupied by a salinity ranging between 1 and 2 dS/m, which locally shows an average salinity [23]. This 
class of salinity also appears in the east of the plain in the neighborhoods of Merdjet Sidi Abed. 
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Fig. 9. Salinity estimated map by OK 
 
4.2. Combination between remote sensing and the data of the punctually measurements within the use of 
SIG 
The classified satellite image had revealed the existence of 08 classes apart from the sebkha. The 
significant correlation between average salinity and the data of remote sensing per class led us to use this 
positive test for mapping the salinity on all plain scale of lower Cheliff. Indeed, the availability of 
information, in the case of an image Aster, each 15 m and continuously on all the plain is capable to make 
up the deficit of a sampling on ground such as it is. 
 
With this intention, the use of the software ArcGis 9.1 enabled us to affect the median value of EC 
classes given (zones of drive resulting from the occupation of the grounds) to each pixel (15×15 m) the 
median value of the corresponding class by the operation “joint”. This operation was made possible after 
having transformed the image classified into raster with pixels of 15×15 m corresponding to the initial 
resolution of the Aster image by the same software. By simple request, the map was classified then 
established according to the five classes of measured salinity with the extract diluted 1/5 and transformed 
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into saturated paste (< 2,2 - 4,4-8, 8 - 16 and > 16 dS/m).  
The salinity map established starting from 08 values only shows the same space distribution of the 
salinity levels as that obtained by kriging. We can indeed see that the most salted surfaces are in the 
perimeter of Hmadana and Gaabut also in the north of Merdjet Sidi Abed. The latter is actually known by 
its very salted grounds [7]. The least salted surfaces are also in the hill of Benziane and the other irrigated 
perimeters like the Chlef wadi stream what agrees with the field reality. 
 The space variability of salinity on a local scale is more faithful to reality here than that 
established by kriging like had shown it the high value of the effect of nugget of the variogramme. 
 
Fig. 10. Salinity estimated map by application of remote sensing. 
 
By examining the surfaces corresponding to the classes of salinity by the two methods (kriging and 
remote sensing -SIG), it appears clearly that the estimated map by remote sensing-SIG made it possible to 
have a better estimate compared to that obtained by ordinary kriging and this on the level of the extreme 
values of EC.  
We can indeed see (tab.5) that the over-estimates obtained on the level of the low values of EC 
passed from 19% to 14% for the slightly saline grounds (EC < 2 dS/m), with a 2718 ha reduction of the 
surface. In addition, the underestimate obtained on the level of the very high values of (EC > 16 dS/m) 
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passed from 10% to 14%; with 2460 ha an increase in a surface. Concerning the salted grounds within CE 
lies between 8 and 16 dS/m, the surfaces found by the two approaches are equivalent, which still shows 
the relevance of the remote sensing-GIS method. The surfaces which are badly estimated by remote 
sensing locate at the level of the median values as that was found in several works [7-14]. 
 
Table 5. Surfaces of the estimated classes by ordinary kriging and remote sensing-GIS within respective percentages 
Classes of salinity (dS/m)  < 2 2-4 4-8 8-16   >16 The total 
      
Surfaces of the classes of the  
estimated by of ordinary kriging 
(ha) 10480 10840 11300 16476 5254 54350 
(%) 19 20 21 30 10 100 
 
Surfaces of the classes of the  
estimated by remote sensing-GIS 
(ha) 7762 17059 5784 16031 7714 54350 
(%) 14 31 12 29 14 100 
 
Lastly, the results of the two approaches showed an important extension of the salinity to the 
grounds which are not touched yet by this plague if the necessary measures are not taken concretely and 
quickly. 
Conclusion 
The digital analysis showed various spectral behaviors from a zone to another in the plain. The 
various indices of vegetation and particularly the NDVI and the RVI allowed a good discrimination 
between these zones. 
The supervised classification of the image emphasized 09 classes corresponding to various 
surface qualities from the plain and expressing thus various levels of degradation whose principal 
indicators are the vegetation and salinity. The spectral behavior of the nine classes explains well the 
various spectral tendencies which were defined according to the three visible channels and of the infra-red 
band.  
The salinity mapping made by the two approaches (geostatics and remote sensing) show an 
important extension of salinity in the plain. From a point of view, the smoothing of the estimates of the 
ordinary kriging on the level of the extreme values was corrected by the remote sensing approach. 
 In terms of prospects, a finer analysis of surface qualities, a more adequate sampling and more 
specific remote sensing process on images with higher resolutions combined with geostatistic are 
considered for better evaluating and in general discriminating the levels of degradation of the physical 
environment of the plain and the grounds in a particular way. 
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